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Abstract 
The lack of resources in third world countries and unaffordability of modern materials of construction including RCC 
by common man has led of the use of local materials by employing technical approach for construction of houses 
without sacrificing the strength and durability at relatively lower cost than reinforced concrete. Therefore systematic 
research has been initiated to test the strength and other structural properties of pre-perforated post-reinforced baked 
clay beams of clay which have been compacted through compression to verify its suitability as major material of 
construction. A large number of beams have been tested and it is quite possible that this would serve as major 
material of construction in the areas where the soil is alluvial in nature and the cost of transportation of material is 
substantially higher and would render the RCC construction uneconomical. To start with twenty five sites were 
selected at different locations and basic material properties such as compressive strength, tensile strength, poisson’s 
ratio and modulus of elasticity were determined after baking at uniform temperature and by applying reasonable 
compression for compaction. The effect in terms of natural salts and alkalinity were studied in order to find the best 
possible ratio in terms of clay, silt, pit-sand and other impurities. Here a number of beams were tested without shear 
reinforcement. The results did not differ drastically from those of RCC and therefore it holds promise for further 
research to be carried out. 
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1. INTRODUCTION
The mother earth has bestowed upon human kind the comfort next to none. The man needs not only 
food but shelter for his living in this world to protect himself from the severity of cold and scorching heat 
of summer. All this could be achieved when clay is used prudently and efficiently for which laborious 
effort is needed. Clay in its sun-dried form is only just a clod but when baked it becomes some thing 
strong, beautiful and endurable. It is the mission of this research to produce baked clay components of 
structure strong enough comparable with concrete in every respect. Clay is compacted with any means 
including compression (shown in Figure 1), so that void ratio is a bare minimum, solidity could occur 
with strength even better than OPC concrete. Therefore, a systematic research has been carried out, the 
details of which are presented in this paper. Two aspects are to be looked at; (i) are we aiming at 
constructing a house with clay like old times known as adobe house? (ii) are we trying to construct 
modern multistory buildings like developed world? Gone are the days of just simple buildings with no 
vertical rise but horizontal expansion. Therefore, buildings must be ponderous, aesthetically attractive to 
an indiscriminate beholder. It must be attempted to use clay not 
as primitive but a modern material of construction. Therefore, we have devised certain procedures with 
the sole purpose to erect buildings with this material by preparing pre-cast, perforated post-reinforced 
(with the help of grouting) clay panels of structural members as shown in Figure 2, which could be 
utilized for rapid erection of buildings rather than casting in-situ concrete. 
Figure  1: The  system used for casting  the beam  and  pulout  the  
shaft  placed  to  form  the holes  for pre-perforation 
Figure 2: Mechanized grouting system 
Altogether hundreds of beams were molded and tested with different variables and parameters to make 
it possible to prepare design criteria for such buildings. In series with that work four Beams were molded, 
consisting of double reinforcement and vertical shear reinforcement to check their behaviour for the sake 
of determination of their suitability as active components of a building.     
As a building material clay is used in the form of brick, either sun-dried (adobe) or fired, as well as 
roof, wall and pavement tiles as shown in Fig 3 & 4. Clay is used for making china and earthenware, 
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utensils, crockery, water storage vessels, drainage pipes, toys, buckets, barrels and even musical 
instruments.  
Clay is cohesive material and this property improves if clay is micro-fined and properly kneaded after 
mixing the water. Wet clay having a sufficient quantity of water acts like a lubricant but with lesser 
quantity of water it acts like a plastic body. It has no elastic limit and could be worked to any shape with 
little pressure without rupturing. Clay possesses the property of binding agent   (Kalkarni 1980). 
Engineering properties for which soils are tested include permeability, stability, plasticity, cohesion, 
compatibility, durability, abrasiveness, shrinkage, swelling, compressive strength and important aspect of 
soil suitability. Lime, cement and pozzolana (high silica volcanic ash) can be used as chemical additives. 
Caliche Blocks are produced from earth, which is stabilized through chemical or mechanical means or 
both. It is claimed that unfired caliche block with addition of 5 to 10 percent cement can easily pass the 
Uniform Building Code standards for compression with an average of  960 psi (Christensen 1987). 
Earth is the most important building material, providing housing for the majority of the world’s 
population. The thermal properties of earth also make it well-matched to passive solar design 
requirements in many climates (John 1988). 
As industrial minerals, clays are a complex group, encompassing diverse mineral commodities, each 
having some what different mineralogy, geological occurrence, manufacturing technology, and uses 
(Gonzale et al.1998).  
Clay is also used in many industrial processes, such as paper making, concrete production and 
chemical filtering (Encyclopedia Britannica, 2006). 
Pre-perforated post-reinforced structural panels are the major area of research being conducted at our 
premises since last more than a decade.  
Behaviour of baked clay structural beam panels was investigated and reported in Ninth International 
Summer Symposium, Yokohama National University, Tokoyo, Japan, (Ansari & Memon 2008). 
During the year 2009, the importance of clay as universal accommodator of humanity was evaluated 
by the authors during Eleventh International Summer Symposium, Tokoyo, Japan, (Ansari & Memon 
2009). 
The benefits of baked clay as replacement of reinforced concrete was checked during the second 
official regional conference of International Institute for FRP in construction, Department of Civil 
Engineering, Hanyang University, Seoul, Korea, (Ansari & Memon 2009). 
Figure  3:  Clay beam before baking; Figure 4: Clay beam after baking 
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2. INITIAL INVESTIGATION 
The first experimental study includes determination of pH value, electric conductivity, exchangeable 
sodium, gypsum and presence of salts in solution (PPM).  Apart from that, weighed soil samples were 
also mixed with a measured quantity of water and stirred well. Then the soil was allowed to settle leaving 
dissolved salts in water. The physical properties of soil were also studied. These included moisture 
content, specific gravity, liquid limit, plastic limit, flow index, liquidity index, plasticity index, 
consistency index, toughness index, density of wet soil and density of dry soil.   
Since compressive strength of materials of construction is the major property, three cubes were cast 
from each of the twenty five soil samples which were picked from various locations, baked and tested for 
this purpose. It appears that the effect of all the above mentioned factors is negligible, because the 
maximum variation of cubical strength is only of the order of 2.8 %. In case of normal concrete a 
variation up to 33 % is possible even within the same batch. However, the strength achieved in all the 
cases compares well with that of concrete; hence the material could prove a good alternative of concrete 
with relatively lower cost.    
Apart from the above mentioned properties experimental study is carried out in terms of shrinkage, 
specific gravity, compressive strength, tensile strength, Poisson’s ratio, and modulus of elasticity of baked 
clay by testing sixty eight specimens. The major variable is the ratio of pit sand mixed with pure clay. The 
main objective of this study is to find the best possible combination of this locally and cheaply available 
material of construction and the ways and means to produce sufficiently dense and strong enough pre-cast, 
post-reinforced, baked clay panels of structural members which could be readily used for erection of low-
cost buildings. For determination of cubical strength, cubes of 100mm (4 inches) were tested. However, 
cylinders were used to determine the modulus of elasticity. 
In continuation with the above experimental study more investigations have been carried out by testing 
cubes, which were compacted by applying compression of varying intensity. The specific gravity of these 
specimens was first determined. Then the specimens were baked and tested for finding crushing as well as 
tensile strength. Percentage of pit-sand in clay and compressive force for compaction were the two major 
parameters. The results show reasonable improvement of strength with the increase of compacting force, 
which compares well with cement concrete. The maximum compressive strength up to 27.61 N/mm2
(3950 psi) is achieved when the compacting force was kept 6 N/mm2 (870 psi).  This is well within the 
range of common cement concrete used for RCC work, for which cube crushing strength of 20 N/mm2
(approximately 3000 psi) is acceptable. Thus, the results hold promise for possibility of making and using 
relatively cheaper pre-cast baked clay post-reinforced structural members for construction of buildings in 
plain region of Pakistan.  
The encouraging results of preliminary study conducted earlier support the notion that proper 
compaction, particularly through the use of simple, more efficient, swift and effective mechanized 
methods could pave the way for manufacture of preperforated post-reinforced baked clay structural panels 
for construction of multistory buildings more economically without sacrificing the quality or durability. 
As part of continuous research the details of Fixed-End beams tested have been presented in this paper.     
3.    EXPERIMENTAL DETAILS  
For the sake of end fixity the system shown in Fig: 5 & 6 was devised. However, from the test results 
it appears that the system did not provide 100 percent fixity. However, some constraint has been 
achieved . Therefore the moment must have been redistributed at centre as well as supports. It must also 
be mentioned that the strain could be measured only at the centre but not at fixed end due to practical 
difficulty. Therefore the severity of moment at supports could not be ascertained.  
ABDUL AZIZ ANSARI et al. / Procedia Engineering 14 (2011) 2635–2641 2639
Figure. 5: doubly reinforced baked clay   beam tested by applying udl and end fixity.; figure. 6 : doubly reinforced baked clay beam 
with vertical bears tested by applying udl with end fixity. 
Although the Uniformly Distributed Load was applied. This was not really perfectly done. Because the 
steel beam which was used along with cross steel bars was quite rigid and must have affected the results. 
Real Uniformly Distributed Load should have consisted of separate hydraulic jacks connected to a 
pressure gauge and pumping system for every part of loading. Since this could not be done, frictional 
resistance of loading systems must have prevailed to a certain extent. When fixity is provided at the ends 
due to hogging moment cracking of beams was expected at the top of beams near the supports. This did 
not occur during experimentation except one beam. 
As per expectation the displacement of Fixed-End Beams showed a decrease of displacement at the 
centre of the beams. Averagely the reduction is of the order of approximately 40 percent. This shows that 
fixity has worked to a certain extent. Where on the strength of concrete depends upon the proper mix 
design for a certain required characteristic strength, the compression force for compaction is the major 
factor to achieve required strength of baked clay. For concrete water-cement ratio, compaction and curing 
are the major factors. However, for baked clay water-content is the most important factor which should be 
maintained at the minimum possible level to reduce the void ratio and increase the density with enormous 
compaction force. It must be mentioned here that for the sake of comparison a few concrete beams were 
also cast and tested. The concrete mix was designed for strength of 20 N/mm2 (3000 psi). This gives an 
average load carrying capacity nearly the same as that of the baked clay in terms of moment of resistance 
in compression. It is satisfying to note that the difference of strength in terms of concrete was averagely 9 
and 8 percent respectively when flexural strength is calculated by using CP 8110 and ACI respectively. In 
terms of shear the percentage difference is 8 percent in both the cases. Table 1, shows the comparative 
analysis of strength of baked clay and concrete. The percentage difference of experimental displacement 
of concrete is some what higher than that of baked clay. Averagely the displacement of concrete beam is 
27 percent higher than baked clay. Therefore it can safely be deduced that lesser the displacement, lesser 
shall be the cracking and ultimately behaviour of baked clay could be regarded as more favourable than 
concrete. 
Table2, gives complete details of strength values of all the fixed-end beams. The tenth column of 
Table 2, shows the percentage difference of experimental values of shear strength with roller and fixed-
end beams. It is quite clear that the difference ranges between 3.3 to 16.3 percent.  
Cube crushing strength of baked clay of fixed end beam along with Modulus of Elasticity and 
Poisson's ratio are presented in Table 3. The  strength of baked clay is quite good i.e. 35.37 N/mm2.
The modulus of elasticity is averagely 34.7 KN/mm2 and Poisson's value is 0.166 which is      
reasonable. 
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Table  1: Comparison of elastic & experimental displacement in concrete and baked clay 
S#
Boundary 
condition
Type of 
Loading 
Elastic displacement calculated 
Experimental displacement 
at ultimate load 
Baked
clay
Concrete
%age
difference 
Baked
clay
Concrete 
%age
difference 
1. 
Roller
(Single 
reinforced) 
UDL 0.78 1.07 27 8.81 11.30 22 
2. 
Roller
Double
reinforced) 
UDL 1.03 1.34 23 12.18 15.01 18 
3. 
Fixed
(Double 
reinforced) 
UDL 0.76 1.37 44 11.11 18.93 41 
 Average    31.3%   27% 
Table 2 : Beam tested for phase IV with double reinforcement and vertical steel subjected to  uniformly distributed load 
1 2 3 4 5 6 7 8 9 10 
Code S# Description 
Flexural 
strength 
(baked
clay) 
Shear 
strength 
(calculated)
Exp. 
Load
Exp.shear 
strength 
Cal. shear 
strength 
Av.
Experimental. 
shear strength 
of          roller 
supported 
beams. 
%age
difference
CP
8110 
1. BCRFUDTE-1 238275 28449 172515 3.03 
3.04
83497 3.3 
2. BCRFUDTE-2 237376 28449 173435 3.05 83727 3.6 
3. BCRFUDTVE-1 225734 
28449 
184015 
3.23 
3.2 79127 16.3 
86424 1.06 
4. BCRFUDTVE-2 223951 
28449 
181255 
3.18 
1.05 79357 14.2 
86424 1.04 
ACI 
1. BCRFUDTE-1 192720 29529 172515 2.92 
2.91
83497 3.3 
2. BCRFUDTE-2 192862 29874 173435 2.90 83727 3.6 
3. BCRFUDTVE-1 192369 86863 184015 1.06 
1.05
79127 16.3 
4. BCRFUDTVE-2 192542 86929 181255 1.04 79357 14.2 
4. CONCLUSIONS     
1. Baked clay has shown very good crushing strength of 35.37 N/mm2 (5128  psi) which is reasonably 
good.  
2. Level of strength of beams subjected to Uniformly Distributed Load and fixed at both ends shows a 
very good strength which is averagely 5 times more than calculated strength when estimated by 
using CP8110 recommendation for beams containing top and bottom steel but no vertical steel. This 
figure is 2.91 when calculated by using ACI, However, the vertical steel seems to have no drastic 
effect.
3. The compression between rollers supported and fixed-end beams shown a marginal improvement 
i.e 16.3 percent. 
4. The displacement of baked clay beams fully fixed at both the ends is about 40 percent less than that 
of concrete. 
5. Modulus of elasticity as well as Poisson's ratio of baked clay material seems reasonably good. 
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6. The failure of the beams occured due to shear but the crushing strength of baked clay was not 
reached.  
Table 3:  Cubical Strength, Modulus of Elasticity and Poissons Ratio for the beams     with Uuniformly distributed load and End-
Fixty. 
S#
Description 
Cubical Strength Modulus of Elasticity Poissons Ratio 
1st
Specimen 
N/mm2
2nd
Specimen 
N/mm2
Av.
N/mm2
1st
Specimen 
kN/mm2
2nd
Specimen 
kN/mm2
Av.
kN/mm2
1st
Specimen  
2nd
Specime  
Av:
1 BCRFUDTE-1 35.9 36.2 36.1 34.9 35.09 35.04 0.167 0.164 0.165 
2 BCRFUDTE-2 34.7 35.2 35.7 34.39 34.63 34.86 0.169 0.165 0.167 
3 BCRFUDTVE-1 35.2 33.7 34.2 34.63 33.92 34.16 0.167 0.166 0.167 
4 BCRFUDTVE-2 35.6 35.1 35.5 34.82 34.58 34.77 0.171 0.165 0.168 
AVERAGE   35.37   34.70   0.166 
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